Abstract. Educators and museum curators have recognized the value of interactivity, but it remains unclear what is the right level of interactivity in informal learning settings, such as museums. In this study, we explore the effect of increasing levels of interactivity on learning performance and students' intention for future museum visits. We developed an educational mobile application based on QR codes and quiz software, in order to augment visual arts comprehension during a visit to an art gallery. In addition to the mobile-based version of the game, a paper-based version was also employed followed by a controlled experiment. A total of 60 lyceum students (between 15 and 16 years old) participated in a between-groups evaluation that compared the performance of three levels of interactivity (passive guided tour, paper-based, mobile-based), as well as the perceptions among the groups. The results indicate that the mobile-based student group had higher performance in the post-assessment when compared with the paper-based one. Notably, perceived interest for the game affects students' perceptions for a future museum visit. Further research should consider the effects of higher-fidelity types of mobile applications, such as 3D graphics, as well as augmented-reality games.
Introduction
Mobile applications are increasingly used nowadays to assist many scenarios (e.g., museums, cultural heritage locations, outdoor activities). Educational medium effectiveness and students' perceptions for the medium highly affect the learning success.
As the introduction of learning tools is often complex, students do not always use them as expected. For instance, students' perceptions regarding the importance and the interest for the medium are some of the most widespread barriers for the effective adoption (e.g. [5, 7] ). In addition students' perceptions have an impact on what they have already learned and what they choose to do next [11] . Especially, for the mobile devices, due to their portability and functionality, they can be used outdoors, in exhibitions and in other non classroom settings, extending the depth and breadth of informal learning and the importance of students' perceptions.
Research in educational games argues that well-designed games can meet some of the needs of students and pursue them to enroll in learning procedures [13] . Evidence of learning performance of educational games has been shown in several areas, such as history, arts and cultural heritage [2, 3] .
Portable devices have been successfully employed as learning tools in both formal and informal learning contexts. In the formal learning, handhelds have been used in teaching both within the classroom setting and out-classroom (i.e. [2] ). In addition, the potential of handhelds to assist informal learning has been explored through different frameworks. For instance, handhelds have been used as museum guidebooks [6, 12] or as learning systems [8] .
Researchers have often stressed the benefits of enhancing the functions of museums, parks and exhibitions by designing educational projects connected to learners' informal learning, [8] and making non classroom environments more enjoyable and motivating for learning [12] . In the context of museums, many researchers have employed new technologies and customized mobile devices for attracting and engaging visitors. On that direction visitors' beliefs is highly important [2] . For instance, one of the most successful projects was conducted in the Exploratorium of San Francisco [6] . This study was one of the pioneers in the direction of combining mobile technology and capturing experience in the real world.
Many studies have shown the potential of portable devices to increase learning opportunities. Informal learning with the real world experiences is some of the most remarkable advantages. Mobile devices' portability and functionality make them suitable for out-classroom learning, for instance bird-watching, plant hunting and museum guiding are some of the most successful case studies [6, 8] . As such, it is subsequent that the use of mobile devices would bring many benefits and opportunities for informal learning in future. In particular, in this study we aim to provide insights of the following question: (How) Can interactive mobile technology be exploited to implement informal education?
As such, we designed an interactive mobile-based and a paper-based game and we conducted a controlled experiment in order to explore the educational impact and students' performance and perceptions affected by interactivity and mobile technology.
Methodology

The Game Design
A quiz was designed to include several game elements, such as purpose, rules, score, and limitations (space-time). The main purpose of the quiz activity is to identify a series of paintings, at an Art Gallery ( fig. 1 ), based on descriptions of visual elements. During our experiment, the quiz was played by teams of two players, who were given 25 minutes to answer 12 questions that lead them to certain paintings. Two free (one of them open-source) software tools were used for implementing the activity, a QR application and a quiz application. The only hardware requirement for running the software is a java enabled mobile phone. Camera feature was a requirement for the QR application1 1 . The design of the questions was implemented with MyMLE 2 application, which allows creating mobile learning content. Some of the basic advantages of this game is the low cost of the infrastructure and that there is no coding required in developing the quiz of questions.
There are two versions of the activity, a Mobile Based (MB) and a paper-based (PB) version. In MB version QR codes are placed next to paintings. Each team provided with two mobile phones, one where questions displayed and answers typed in, and a second one that was used to scan QR codes. When the players identify a painting as an answer to a question, they scan the QR code next to it and type a four digit number as the answer (Fig. 2) . If the answer is correct they get a message indicating so. If the answer is wrong, they get a message indicating that they have one more chance to answer correctly. Hence in total each team was given up to two chances to identify a correct answer.
The PB version of the game was identical, except from the fact QR codes were replaced with numbered post-its and the questions were printed on paper. However the major difference in the gameplay between the two versions was that players do not receive any feedback regarding their answers, during the PB game. 
Sampling
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Procedures
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Measures
In order to measure students' effectiveness, all groups completed the cognitive assessment at the end of the study. In addition, Groups A and B completed the survey with the four measures regarding students perceptions. For the cognitive test a twelve-item assessment, consisting of multiple choice questions, was employed. Students were presented with a series of pictures and had to choose one out of the four descriptions that was more accurate. The description was referring to the same visual elements that were also employed during the game, which were combinations of all of the following: primary and secondary colors, warm and cold colors, geometric and organic shapes, depth and perspective. For instance, two questions were: "which painting has Religious Theme, Action Scene and Perspective in two spots?" (correct: The Beheading of the Precursor) and "which painting has Action Scene, Urban Landscape and Warm Colors?" (correct: Kapodistrias Assassination).
The second part included measures of the various questions identified in the literature from previous researches. These measures included Perceived Importance [9] ; Perceived Comprehension [4] ; and interest with the activity and the visit [1] . In particular the following constructs were employed: (1) How important do you believe that the activity is to your future visits (perceived importance of activity for future visit, PIAFV), (2) How well do you feel you understand the concepts taught (perceived comprehension, PC), (3) How interest did you find the visit (perceived Interest for the visit, PIV) and (4) How interest did you find the activity (Perceived Interest for the activity/game, PIG). For each statement, students have to mark their response on a five-point Likert scale in relation to four measures.
Data Analysis
Firstly, in order to examine the differences among mobile-based, paper-based game and extended tour guide on students' effectiveness, a post hoc test was conducted. A Games Howell criterion was used in order to examine separately for each group the influence of 1) mobile-based game, 2) paper-based game and 3) extended tour guide on students' effectiveness. In addition for identifying any differences in students' perceptions for perceived importance, perceived comprehension and interest with the activity and the visit a t-test was conducted among mobile-based and paper based game. Finally, for identifying any correlations among students' perceptions Spearman correlation coefficient was conducted.
Research Findings
To examine the hypotheses regarding students' performance, the Post-hoc analyses using Games -Howell criterion were conducted to verify whether the different learning procedures (Group) are related to the different effectiveness of the students. The results of three groups, Group A (M 1 =9.00, SD 1 =2.08), Group B (M 2 =7.28, SD 2 =1.67) and Group C (M only between Group A and The results highlight tha However, both (paper-mob benefits from a strategy an for the activity. In additio seemed to be more focused tingly, mobile application d as many paintings and its fe riment and on the respecti students from both groups min on average). This may and the simple design of the
Fig. 3. Students of the mobilephones
Regarding students' per test was used for identifying PC, PIG, PIV) and the one demonstrate very high leve identified on students' perc at the enrolment with the mobile affects their performan bile) games persuade the children in several ways. A te nd game characteristics seem to motivate and excite th on, based on the observations of the researcher stude d and immersed on the mobile application ( fig. 3) . Inter did not push students to lose their interest for the muse eatures are discussed from students by the end of the ex ive course on school. Another notable observation is t spent approximately the same total time at the gallery y be derived from students' familiarity with mobile pho e game.
-based game were immersed in questions displayed on their mo ceptions among mobile-based and paper-based game, g the differences, with four independent variables (PIAF e dependent variable (Group) were included. All variab els on both groups ( fig. 4) Spearman's correlation coefficient between the measures was used, which is about quantifying the strength of the relationship between the variables. Spearman's test suggests that some of the measures are related, in some cases relatively strong. More precisely, perceived interest for the game is strongly related with all measures. Perceived interest for the visit has correlation only with perceived interest for the game. Moreover, perceived importance of activity for future visit and perceived comprehension have significant relation with all measures except perceived interest for the visit. Table 1 indicates the exact results of the test. 
Discussion and Conclusions
The current study is one of the few so far, where a mobile application assists an informal educational process. Conducting a field study, of this kind with a sample of a 55 students, was not an easy task, especially when social interaction threats are concerned. The overall results prove that the mobile application had a positive effect, on students' performance at the final test and also does not affect their interest for visiting the gallery. The results of the study allow us to argue that the enhancement of mobile device in a learning game context benefits students' performance in a highly significant way. This result may be explained from previous findings in the literature [8] stating that the usage of mobile devices motivates students and offers sufficient learning opportunities to improve learning procedures. From research we do not have sufficient evidence to suggest that the usage of a mobile application affects students' perceptions regarding the non-classroom learning environment. However, students' perceptions for the game interest positively affect their beliefs for the visit, for a future visit and their comprehension. Hence, we can argue that the enrolment of mobile devise can improve the effectiveness of game based learning and can compete the extended guiding effectiveness in a non classroom environment. In addition, students' interest with the game helps them to understand the benefits of the visit and provide a vehicle for future visits.
These findings have important implications for understanding how students regulate their learning and achievement. Previous studies have shown that students' perceptions of what they have already learned affect what they choose to do next [11] ; thus, the differences that entity and incremental theorists exhibit in their perceived comprehension could potentially have long-term effects on their achievement, even if these differences are not currently reflected in their actual comprehension (as was the case in our experiment).
The findings of this study must be interpreted in light of some potential limitations. First, the generalizability of this study must be carefully made, as it was conducted in a single context with specific instructions. Secondly, the sampling of the study apart from students at one grade level and was not longitudinal; therefore the data could not reveal the continuation of the MB game behavior. Despite these limitations, the findings generate valuable insights, which can be used as part of hypotheses for representative follow-up studies in technological tools' educational effectiveness and experience.
Further studies may consider aiming to reveal several insights. First investigating the effect of the game in students' performance under different context and for a longterm period might help on the overall understanding. Also, another study involving different educational levels and students with different levels of computer experience might draw several important conclusions. Further research also needs to examine students' intention to adopt Augmented Reality based learning.
